INTRODUCTION
Increasing evidence in recent years has verified the intimate relationship between mammalian neuroendocrine and immune systems (Besedovsky et al., 1985a (Besedovsky et al., , 1985b Hadden, 1992) . On the one hand, various endocrine hormones and factors have immunoregulatory capacities and, on the other hand, cytokines produced by the immune system modulate numerous endocrine functions (Weigent and Blalock, 1987; Covelli et al., 1992) . In this circuit, the thymus gland occupies a pivotal position and these relationships between the thymus and the neuroendocrine system could be established early during development. Pioneer studies described thymic regression in hypophysectomized rats (Smith, 1930) and Snell-Bagg and Ames dwarf mice with important deficiencies in prolactin (PRL), growth hormone (GH), and other neuroendocrine mediator production, and show early thymic involution with diminished thymocyte production and cell depletion in both bone marrow and peripheral lymphoid organs Corresponding author. (Baroni, 1967; Baroni et al., 1967; Duquesnoy, 1972) .
More recent studies have confirmed these results and also indicate that DP (CD4 CD8 /) thymocytes are cell targets for a lack of both GH and PRL (Cross et al., 1992; Murphy et al., 1992a Murphy et al., , 1992b .
Despite these data, obvious difficulties for in vivo manipulation of mammalian fetuses have left many aspects of the ontogeny of the neuroendocrineimmune network unresolved. The chicken embryo, however, allows easy and precise access during early ontogeny, providing a suitable model system in which to focus this problem. Furthermore, birds also have a neuroendocrine-immune network (Glick, 1984) and the development of the chicken immune system is very similar to that of mammals (Vainio and Lassila, 1989; Chen et al., 1991; Cooper et al., 1991 ).
Jankovic and colleagues used an experimental model that stemmed from classical endocrinology, which involved the removal of major endocrinology centers (i.e., hypothalamus, pituitary gland, and pineal system) by partial decapitation of 33-38 hr embryonic chickens (DCx embryos), to demonstrate a delayed development of the lymphoid system in 212 J. MORENO et al. DCx embryos, that they attributed to an imbalance in neuroendocrine activity (Jankovic et al., 1978 (Jankovic et al., , 1981 (Jankovic et al., , 1982 . More those reported in these areas as early haemopoietic cell precursors (Dieterlen-Lievre and Martin, 1981) . On day 7, groups of cells that appeared in the paraortic mesenchyme (Fig. 2) were similar to the so-called paraortic foci described as being able to produce in vitro thymocyte (Cormier et al., 1986) or monocyte colonies (Cormier and Dieterlen-Lievre, 1988 ).
Thymus Development
The thymus of DCx embryos showed a decreased size and delayed development that was more patent in the older embryos (Fig. 3A) , compared to ShamDCx embryos (Fig. 3B ). These changes were reflected in the low number of cells yielded by the thymic-cell suspensions from DCx embryos and the high number of large blast cells it contained. Moreover, DCx thymus exhibited enlarged connective tissue trabeculae and it was difficult to clearly distinguish corticomedullary junction (Fig. 3A) .
Thymocytes
As shown in Fig. 4 (Fig. 4) . In correlation, immunostaining of thymic sections from 17-day-old DCx embryos with (Fig. 17) .
The immunological study using mAbs MUI-52, and Fig. 18 , no differences were found between the control and experimental thymuses, with a similar distribution pattern and extent of staining in both groups. Therefore, at least with the methodological approach, there were no apparently significant differences in the number, staining pattern, or location of the thymic stromalcell components between DCx and Sham-DCx embryos.
Endocrinological Background
The histological analysis of the thyroid (Fig. 19A ), adrenal gland (Fig. 19B) , and gonads (Figs. 19C and 19D) showed a normal development in Sham-DCx embryos, whereas in the DCx ones, they presented a clear delay in the growth that increased throughout incubation, confirming the lack of circulating hormones in these embryos previously demonstrated by Herrad6n (1987) . The thyroid showed few, if any, follicles and none of them contained follicular fluid (Fig. 20A) . In contrast, DCx-embryos, as a consequence of the early elimination of major neuroendocrine centers, show a low viability, little body growth, especially during the second half of incubation, and an important delay until the histological development of endocrine organs ceases, as previously reported by numerous authors on the same experimental model (Fugo, 1940; Vogel, 195 7; Betz, 1967; Thommes et al., 1977; Woods et al. 1989 ). Likewise, histological changes observed during the thymic ontogeny of DCx-embryos, including decreased medullary development, enlarged connective tissue trabeculae, and so on, coincide totally with those reported by other authors (Jankovic et al., 1978 (Jankovic et al., , 1980 (Jankovic et al., , 1981 (Jankovic et al., , 1982 Micic et al., 1983; Herrad6n, 1991) , whereas Fugo (1940) precursor cells not only in the enlarged thymic trabeculae, as previously described (Herrad6n, 1991) There were no significant immunohistological variations in the thymic strornal-cell components, suggesting that early partial decapitation affects specifically thymic lymphoid elements. Other authors using the same experimental model reported certain hyperplasia of the thymic epithelial cells (Jankovic et al., 1982; Herrad6n et al., 1991) , but the morphometrical analysis did not demonstrate statistical differences (Herrad6n et al., 1991) . Therefore, we cannot account for the changes of T-cell maturation of DCx embryos by an abnormal condition of the thymic-cell microenvironment. Rather, the quantitative changes observed in the thymic epithelial cells are reflecting the lack of differentiation of T-cell progenitors in DCx embryos. Nevertheless, quantitative and functional studies are necessary to confirm this lack of variation in thymic stromal-cell components of DCx embryos, especially when recent reports in mammals demonstrate conclusively changes in them in the absence of thymocytes (Shores et al., 1991; Surh et al., 1992; Ritter and Boyd, 1993) .
We can conclude, therefore, that elimination of major neuroendocrine centres by partial decapitation of early embryonic chicken induces profound and selective changes in the thymic T-cell maturation, including predominantly (1) Apparently, the maturation of both the first and second wave of cell precursors, which reach the thymic primordium on days 6.5-8 and 12-14 of embryonic life, respectively (Le Douarin and Jotereau, 1975; Coltey et al., 1989) (Harvey et al., 1979) and, in mammals, exerts important immunomodulatory influence on the immune system (Gala, 1991; Hooghe et al., 1993 Fugo's method (Fugo, 1940 
